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Description 

[0001] The present invention relates to a method to 
reduce the power consumption of an electronic device, 
preferably a battery powered device comprising at least 
one voltage regulator, and to a device comprising at 
least one voltage regulator. 

[0002] Nowadays a multitude of different battery pow- 
ered devices are available to the consumer. These de- 
vices include e.g. mobile phones, portable computers, 
portable telefax terminals, portable copying machines, 
portable oscilloscopes and other measuring equipment, 
and for instance portable hospital equipment, and so on. 
Thus there are many alternatives. The present invention 
can be used in any electronic device, particularly in a 
battery powered device, and thus the invention is not 
restricted to any particular device. Here, a battery 
means any component which accumulates electrical en- 
ergy, such as a rechargeable battery or a disposable 
battery, an accumulator or any corresponding compo- 
nent. 

[0003] Below we consider a battery powered mobile 
phone as the electronic device, in order to illustrate the 
application area and the advantages of the invention 
and the disadvantages of prior art. 
[0004] A cellular telephone system, such as the GSM, 
usually comprises a number of base stations providing 
service in a predetermined geographical area or cell. 
Each base station broadcasts messages to a number of 
mobile stations within the cell area. The mobile stations 
comprise a microprocessor and a transceiver and de- 
coder controlled by the microprocessor. In battery pow- 
ered mobile stations the battery usually will last about 
eight hours when the telephone is in the stand-by mode, 
and about one to two hours in the talk mode, in which 
the telephone transmits and receives data and/or 
speech, until it is necessary to replace or recharge the 
battery. 

[0005] The mobile phone and the base station com- 
municate via the radio path, which is a physical resource 
of the mobile phone network. The radio path will convey 
both speech and signaling information, which controls 
the functions of the telephone and the use of the radio 
path. In the GSM mobile phone system for example, two 
frequency bands of 25 Mhz each are reserved for the 
radio path on the 900 Mhz band; the band 890 - 915 
Mhz is reserved for uplink communication in the direc- 
tion from the mobile phone to the base station (transmit 
frequency band), and 935 - 960 Mhz is reserved for the 
downlink direction from the base station to thetelephone 
(receive frequency band). These frequency bands are 
divided in 124 frequency channels at intervals of 200 
kHz. Each frequency channel is further divided in eight 
time slots, i.e. the GSM system utilizes time division mul- 
tiple access (TDMA), where each mobile phone is allo- 
cated one time slot for the transmission and reception, 
so that each frequency channel of 200 kHz can simul- 
taneously serve eight telephones. Thus the GSM sys- 



tem has a total of 992 channels. 
[0006] The GSM system, which is based on time di- 
vision multiple access (TDMA) will not be described in 
greater detail here, because it is well known by a person 

5 skilled in the art, and the system is exactly specified in 
the so called GSM specifications and presented e.g. in 
the article M.R.L Hodges: "The GSM radio interface", 
British Telecom Technological Journal, Vol. 8, No 1, 
1990, p. 31 -43. 

w [0007] In the GSM mobile system we know the con- 
cept of listening mode or 'idle mode", in which the tele- 
phone waits for a paging message addressed for it, and 
listens to parameters (system information message) of 
neighbor cells as well as receives such messages. The 

is paging message is a common concept in cellular mobile 
phone systems, and it is an impulse transmitted by the 
base station to the mobile station, with which the base 
station indicates to the mobile station that a call is arriv- 
ing to this mobile station, whereby the mobile station 

20 calls the base station in order to establish communica- 
tion between the mobile station and the base station. 
[0008] In mobile phones we know a so called power 
saving mode in which the circuits, such as the micro- 
processor controlling the operation of the mobile phone, 

25 are switched into a power saving mode, and in this pow- 
er saving mode the clock frequencies are lowered, and 
some of the clocks are even stopped. The European 
patent publication EP-473 465 presents a way to utilize 
the power saving mode. Since in cellular mobile sys- 

30 terns most messages transmitted by a base station to 
the mobile stations are intended for a single mobile sta- 
tion, only a small part of all messages transmitted by the 
base station are intended for a certain mobile station. 
So as not to have the mobile station to continuously re- 

35 ceive and decode all messages broadcast by the base 
station, the European patent publication EP-473 465 
proposes, in orderto save power, that the messages re- 
ceived by the mobile station are detected to find out 
whether a received message is intended for another mo- 

40 bile station, and in this case the battery power is lowered 
(the power saving mode is activated) until the next mes- 
sage broadcast by the base station to this mobile station 
is expected to arrive. Battery saving according to the 
publication EP 473 465 is based on the receiving of a 

45 two-part message, the first part indicating that this mes- 
sage is intended for another mobile station, and that the 
message for this other mobile station contains a second 
part which, according to the publication EP 473 465, it 
is not necessary to receive if the message is addressed 

50 to another mobile station. Thus the mobile station can 
switch a considerable part of its receiving circuits into 
the power saving mode until the next message possibly 
directed to this mobile station is expected to arrive. This 
power saving mode is controlled by a timing circuit, 

55 which may be programmed to contain the start time of 
a new receiving phase. 

[0009] Most electronic devices require different sup- 
ply voltages for different sections of the device, and volt- 
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age regulators are usually used to generate the different 
supply voltages. A voltage regulator receives its voltage 
from a voltage source, e.g. from a battery, and one kind 
of regulator a so-called linear regulator comprises basi- 
cally three sections: a reference voltage source gener- 
ating the reference voltage, a differential or a so called 
error amplifier, and an admitting or output element, 
which is usually a transistor. A simplified diagram of the 
regulator is shown in figure 1 , where the reference volt- 
age VRef generated by the reference voltage source 1 
is connected to one input 6 (non-inverting input) of the 
error amplifier 2, the output 8 of the error amplifier is 
connected the base of the output transistor 3, and the 
collector of the output transistor 3 is connected as feed- 
back to the second input 7 (inverting input) of the error 
amplifier 2. The emitter of the output transistor is con- 
nected to the supply voltage V Bat (which is regulated), 
which is supplied by e.g. a battery, and the output V Qut 
of the voltage regulator is obtained at the common junc- 
tion 4 of the output transistor collector and the error am- 
plifier feedback, whereby a capacitor 5 is usually con- 
nected between the point 4 and ground GND to stabilize 
the circuit so that it will not oscillate. 
[0010] The voltage regulator consumes substantial 
power, and as electronic devices such as mobile phones 
usually have several regulators in order to generate sev- 
eral different voltages, the combined power consump- 
tion of several regulators is a substantial part of the total 
power consumption of the electronic device, particularly 
of a mobile phone when it is in said power saving mode. 
However, the power consumption of the regulator was 
not considered, even if it was tried to reduce the power 
consumption of other circuits in the power saving mode. 
The power consumption of the regulator comprises the 
power consumed in each regulator section: 

The power consumption of the reference voltage 
source is usually 10 - 500 uA If there are several 
voltage regulators, then all regulators usually use a 
common reference voltage source. In mobile 
phones the power consumption is usually about 1 50 
jiA, including the buffers; 

The base current of the output transistor, which is 
of the order of the output current of the regulator 
divided by the transistor gain. This current mainly 
depends on the current consumed by the load, 
which is connected to the regulator output; 

The power consumption of the error amplifier. In a 
mobile phone the error amplifier usually consumes 
about 100 uA 

[0011] The output current flowing in the output line 
V 0ut of the regulator shown in figure 1 also depends on 
the power consumption of the buffer stage of the error 
amplifier. 

[0012] The functions of an electronic device, such as 



a radiotelephone, are typically divided in several sec- 
tions, so that each section receives its supply voltage 
from a voltage regulator circuit of its own. Typically sev- 
eral such regulator circuits are then integrated in one IC 
5 circuit (e.g. 5 regulators in one IC circuit). Each regulator 
circuit is dimensioned according to the maximum cur- 
rent occurring in the telephone's different operational 
modes. Then the idle current (the "quiescent current", 
or the basic current consumption which is independent 
10 of the output load, or the current consumption of the cir- 
cuit when the load current is zero) will be proportional 
to the respective maximum current output ability. 
[001 3] The power consumption of a mobile phone var- 
ies substantially in different operational modes. Partic- 
*5 ularly, some mobile phone systems exhibit a so called 
idle mode (a listening mode, where the paging channel 
is listened to), which typically exhibits a short active pe- 
riod, when the mobile phone receives a paging message 
from the base station so that the power consumption of 
different circuits is rather high, and a rather long idle pe- 
riod, when the mobile phone waits for a paging message 
so that the power consumption of different circuits is 
rather low. For example, in a GSM telephone the length 
of the active period may have be of the order of 40 ms, 
and the idle period between the active periods may be 
of the order of 2 seconds. In this context all circuits, or 
at least the main part of the respective circuits, still re- 
quire a supply voltage also during the rest period, so 
that single regulators cannot be switched off in order to 
reduce the power consumption of the regulator circuits. 
[0014] The object of the present invention is to 
present a method and a circuit, with which the power 
consumption of an electronic device, preferably a bat- 
tery powered device, can be reduced in order to in- 
crease the operational time of the battery. The invention 
is based on the perception to reduce the power con- 
sumption of the electronic device comprising at least 
one voltage regulator by switching off and on said at 
least one regulator according to a predetermined duty 
cycle during such periods when a circuit supplied by said 
at least one regulator is in a mode consuming low power 
(power saving mode). 

[0015] In the invention each regulator unit is switched 
off (into what is referred to herein as the power down 
mode) at a suitable pulse ratio during such periods when 
the electronic device is in a passive mode and con- 
sumes low power, e.g. when in a stand-by or power sav- 
ing mode, or when it is on, but does not actively perform 
its normal functions. In a mobile phone this may be ef- 
fected during the a so called rest period (i.e. between 
receiving of paging messages, or between the active pe- 
riods of the idle mode). This switching off is possible dur- 
ing periods of said type, because during these periods 
the added power consumption of all circuits is negligible. 
The outputs of the regulators may be provided with a 
accumulating component, usually a capacitor, which ac- 
cumulates sufficient current during such periods during 
the passive mode when the regulators are switched on, 
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so that said accumulating components contain sufficient 
current to supply the circuits also during those periods 
of the duty cycle when the regulators are switched off. 
The transition into this saving or passive mode may be 
realized by a control signal supplied by the timing sec- 
tions of the electronic device, e.g. of a mobile phone, 
whereby the timing signal can be defined to be an active 
signal only during the idle period (of course the timing 
circuit will know when the electronic device will be in the 
respective 'idle mode", or in a corresponding low current 
mode). Then the period of this control pulse is short 
compared to the duration of the idle state. The switching 
periods of the regulator may be e.g. of the order of 1 ms 
on and 1 0 ms off, when the idle period of mobile phones 
(GSM) usually are or the order of two seconds. The de- 
creased power consumption is thus realized as the idle 
current of the regulator circuits decrease, because the 
regulators may be switched off most of the time, e.g. at 
a ratio of 10:1 , as was mentioned above, compared to 
the period when they are switched on. 
[0016] The method according to the invention is char- 
acterized in that at least one of the regulators is switched 
off according to a predetermined duty cycle. The elec- 
tronic device according to the invention is correspond- 
ingly characterized in that it comprises a means to sup- 
ply to the control input, in accordance with a predeter- 
mined duty cycle, a signal switching off and on said at 
least one regulator, such that the regulator is switched 
on for the time when the circuit is in the operational mode 
and repeatably on and off according to the predeter- 
mined duty cycle when the circuit is in the passive mode. 
[0017] The invention is described in detail below with 
reference to the enclosed drawings, in which: 

Figure 1 shows a circuit diagram of a general em- 
bodiment of a voltage regulator according to prior 
art; 

Figure 2 shows the block diagram of an embodi- 
ment according to prior art comprising several volt- 
age regulators; 

Figure 3 shows a circuit diagram of an embodiment 
according to prior art comprising several regulators; 

Figure 4 shows a block diagram of a solution ac- 
cording to the invention comprising several regula- 
tors; 

Figure 5 shows a circuit diagram of a solution ac- 
cording to the invention comprising several regula- 
tors; 

Figure 6 shows a pulse diagram of the timing and 
switching used in the invention; and 

Figure 7 shows the behavior of the regulator's out- 
put voltage as a function of time during a duty cycle 



according to the invention. 

[0018] Figure 2 shows a block diagram and figure 3 a 
circuit diagram of prior art practice to implement a plu- 

5 rality of so-called linear regulators in an electronic de- 
vice. The regulators REG1 - REG4can be integrated on 
e.g. one integrated circuit, whereby they are usually re- 
alized so that each regulator REG1 - REG4 includes a 
power amplifier 12, 22, 32, 42 and an output transistor 

10 1 3, 23, 33, 43, but each differential amplifier receives a 
reference voltage from a common reference voltage 
source V Ref which can be e.g. the battery of the elec- 
tronic device. In the solution shown in figure 2 there are 
four regulators REG1 - REG4 realized in this way, each 

15 of them providing one voltage output OUT1 - OUT4. 
With the power consumption figures mentioned above 
the regulators REG1 - REG4 of a mobile phone com- 
prising four regulators in an arrangement according to 
figures 2 and 3 consume an idle current of 150 uA + 4 

20 x 100nA = 550uA. 

[001 9] Figure 4 shows a block diagram of the solution 
according to the invention to reduce the power con- 
sumption of an electronic device by reducing the power 
consumption of at least two regulators. Figure 4 illus- 

25 trates by way of example an embodiment with four reg- 
ulators, corresponding to that of Figure 2. According to 
the invention the power consumption is reduced by 
switching off and on one or more of the regulators REG1 
- REG4, according to a predetermined duty cycle during 

30 a period, when the circuits supplied by the regulators 
REG1 - REG4 are in a mode consuming a low current. 
Each regulator has an intermediate input which is con- 
nected to the interface POWER DOWN and which can 
be supplied with a signal switching off the regulator. The 

35 signal to the POWER DOWN interface can be supplied 
from the device's timing section or control unit (not 
shown in the figure), which could be e.g. a microproc- 
essor, or from a source outside the device. The signal 
is supplied to the POWER DOWN interface when it is 

40 known that the electronic device is in a mode consuming 
a low current. 

[0020] Figure 6 shows as a pulse diagram the timing 
of the POWER DOWN signal. The top pulse diagram 
shows as an example how the invention is utilized in a 

45 mobile phone. Mobile phone systems use a so called 
idle mode (listening mode, listening to the paging chan- 
nel), typically exhibiting a short active period during 
which a mobile phone receives a paging message from 
the base station, and during which the different circuits 

so have a rather high power consumption, and a rather long 
rest period, during which the mobile phone waits for a 
paging message, and during which the different circuits 
have a very low power consumption. In a GSM tele- 
phone the length of the active period is about 40 ms, 

55 and the idle period between the active periods is of the 
order of 2 seconds. Then the POWER DOWN signal 
must keep all regulators switched on at least when the 
electronic device is in the active mode (pulse high, e.g. 
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40 ms) or in the case of the mobile phone, at least during 
the active period of the idle mode. In order to secure that 
the regulators REG1 - REG4 are not inadvertently 
switched off too early, the POWER DOWN signal's on- 
period (pulse high) may be made longer that this active 
period, as is shown in Figure 6, so that the POWER 
DOWN signal's power saving period, during which the 
regulators, according to the invention, are switched on 
and off in accordance with the duty cycle during a period, 
which then will be correspondingly slightly shorter than 
the idle period. Thus, when the electronic device sup- 
plies a signal that it's circuits are in a low power mode, 
then the POWER DOWN signal is switched on (pulse 
high, e.g. 1 ms) and off (pulse low, e.g. 10 ms) in ac- 
cordance with the predetermined duty cycle, and the 
POWER DOWN signal is switched into the on-period 
before the circuits of the electronic device again are 
switched into the active mode, so that all regulators 
REG1 - REG4 will be switched on in a continuous on- 
state. 

[0021] Figure 5 shows as a circuit diagram the reali- 
zation of the block diagram corresponding to Figure 4. 
Here the regulators REG1 - REG4 are switched on and 
off by controlling the differential amplifiers 1 2, 22, 32, 42 
into in accordance with the duty cycle, whereby the 
POWER DOWN signal is supplied to the differential am- 
plifiers. 

[0022] Both in the circuit diagram of Figure 4 and in 
the block diagram of Figure 5 the switching off of the 
regulators is realized in a way known to a person skilled 
in the art by controlling the regulator via its POWER 
DOWN input into the off state. This property of a regu- 
lator and switching the regulator off in this way is known 
to a person skilled in the art, and here a more detailed 
embodiment will not be described more exactly. 
[0023] Figure 7 illustrates the behavior of the output 
voltages OUT as a function of the time. As the circuits 
supplied by the regulators have a low power consump- 
tion in the idle mode, the regulators have sufficiently 
time to provide the required current during a short peri- 
od, and therefore the regulators may be switched off for 
a longer time than they are switched on, and the ratio of 
the duty cycle could be selected as 10:1 (e.g. 10 ms off: 
e.g. 1 ms on). With the power consumption figures men- 
tioned above the regulators REG1 - REG4 then have a 
power consumption of (150 uA + N x 100 uA)/10 = 15 
\lA + N x 1 0 \lA in the idle mode, so that the power con- 
sumption will be 55 u.A in the case with four regulators, 
which is considerably less that the normal power con- 
sumption (550 u.A). If we use a duty cycle ratio of 20:1 , 
then the power consumption can be reduced even more, 
to the half (27,5 uA). When the regulators are switched 
on (1 ms), then the accumulating component, preferably 
a capacitor CT - C4 at the output of each regulator will 
accumulate current, which is sufficient to supply the cir- 
cuits connected to the regulator's output during that pe- 
riod (10 ms) of the duty cycle when the regulators are 
switched off, until the regulators are switched on again 



to supply the regulator's output voltage to the accumu- 
lating capacitors. Therefore a certain voltage drop is al- 
lowable, however so that the voltage remains over a cer- 
tain limit, which causes no disturbances because there 
5 is almost no activity in the circuits supplied by the reg- 
ulators. This voltage behavior is shown in Figure 7. The 
pulsing of the regulators according to the invention can 
be realized in all regulators of the electronic device, only 
in a part of them, or in only one regulator. 
w [0024] With the aid of the invention it is simple to re- 
duce the power consumption of an electronic device 
comprising at least one regulator by switching on and 
off at least one regulator of the electronic device accord- 
ing to a predetermined duty cycle during periods when 
15 the normal power capacity is not required by the regu- 
lator. This situation can occur when the electronic device 
is on but does not actively perform its functions, but also 
when in the device a circuit supplied by a certain regu- 
lator is switched into a power saving mode. The inven- 
tion is applicable to electronic devices of different types, 
particularly in battery powered devices, such as mobile 
phones, portable computers, portable telefax terminals, 
portable copying machines, portable oscilloscopes and 
other measuring equipment, and for instance in portable 
hospital equipment, and so on, whereby it is possible to 
increase the operational time of the battery. 

Claims 

1. An electronic device, comprising: 

a circuit having a normal operational mode and 
a passive mode in which it has reduced power 
consumption requirements; 

a voltage regulator for supplying a regulated 
voltage to the circuit; 

characterised by a switching means operable to 
switch the regulator on for the time when the circuit 
is in the normal operational mode and repeatedly 
on and off according to a predetermined duty cycle 
when the circuit is in the passive mode. 

2. An electronic device as in Claim 1 , wherein the volt- 
age regulator is a linear voltage regulator which 
comprises an error amplifier and an output element. 

3. An electronic device as in Claim 2 wherein the de- 
vice comprises a plurality of said circuits supplied 
by a corresponding voltage regulator, 

4. An electronic device as in Claim 3, wherein said 
voltage regulators are supplied by a single voltage 
reference source. 

5. An electronic device as in Claim 4, further compris- 
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ing a single auxiliary input by which a switching sig- 
nal can be supplied to the voltage regulators. 



Patentanspruche 

1 . Elektronisches Gerat mit: 

einem Schaltkreis mit einem normalen Be- 
triebsmodus und einem passiven Modus, in 
dem er verringerte Energieaufnahmeerforder- 
nisse zeigt; 

einem Spannungsregler zum Liefern einer ge- 
regelten Spannung an den Schaltkreis; 

gekennzeichnetdurch eineSchalteinrichtung, die 
so betreibbar ist, dass sie den Regler fur die Zeit, 
in dersich der Schaltkreis im normalen Betriebsmo- 
dus befindet, einschaltet und ihn gemaf3 einem vor- 
bestimmten Tastzyklus wiederholt ein-und aus- 
schaltet, wenn sich der Schaltkreis im passiven Mo- 
dus befindet. 

2. Elektronisches Gerat nach Anspruch 1 , bei dem der 
Spannungsregler ein linearer Spannungsregler mit 
einem Abweichungsverstarker und einem Aus- 
gangselement ist. 

3. Elektronisches Gerat nach Anspruch 2, das mehre- 
re Schaltkreise aufweist, die durch einen entspre- 
chenden Spannungsregler versorgt werden. 

4. Elektronisches Gerat nach Anspruch 3, bei dem die 
Spannungsregler durch eineeinzelneBezugsspan- 
nungsquelle versorgt werden. 

5. Elektronisches Gerat nach Anspruch 4, ferner mit 
einem einzelnen Hilfseingang, durch den den 
Spannungsreglern ein Schaltsignal zugefuhrt wer- 
den kann. 



port cyclique predetermine lorsque le circuit est 
dans le mode passif. 

2. Dispositif electronique selon la revendication 1, 
5 dans lequel le regulateur de tension est un r6gula- 

teur de tension lineaire qui comprend un amplifica- 
teur d'erreur et un element de sortie. 

3. Dispositif electronique selon la revendication 2, 
10 dans lequel le dispositif comprend une pluralite des- 

dits circuits alimentes par un regulateur de tension 
correspondant. 

4. Dispositif electronique selon la revendication 3, 
15 dans lequel lesdits regulateurs de tension sont ali- 
mentes par une seule source de reference de ten- 
sion. 

5. Dispositif electronique selon la revendication 4, 
20 comprenant en outre une seule entree auxiliaire 

grace a laquelle un signal de commutation peut etre 
fourni aux regulateurs de tension. 
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Revendications 

1. Dispositif electronique, comprenant : 

un circuit comportant un mode fonctionnel nor- 
mal et un mode passif dans lequel ii presente 
des besoins en consommation de puissance 
reduits, so 
un regulateur de tension destine a fournir une 
tension regulee au circuit, 

caracterise par un moyen de commutation 
pouvant etre mis en oeuvre pour commuter le regu- 55 
lateur a I'etat actif pendant le temps ou le circuit est 
dans le mode fonctionnel normal et de facon repe- 
titive a I'etat actif et inactif conformement a un rap- 
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